The Libyan flora was last documented in a series of volumes published between 1976 and 1989. Since then there has been a substantial realignment of family and generic boundaries and the discovery of many new species. The lack of an update or revision since 1989 means that the Libyan Flora is now out of date and requires a reassessment using modern approaches. Here we report initial efforts to provide an updated checklist covering 43 families out of the 150 in the published flora of Libya, including 138 genera and 411 species. Updating the circumscription of taxa to follow current classification results in 11 families (Coridaceae, Guttiferae, Leonticaceae, Theligonaceae, Tiliaceae, Sterculiaceae, Bombacaeae, Sparganiaceae, Globulariaceae, Asclepiadaceae and Illecebraceae) being included in other generally broader and less morphologically well-defined families (APG-IV, 2016). As a consequence, six new families: Hypericaceae, Adoxaceae, Lophiocarpaceae, Limeaceae, Gisekiaceae and Cleomaceae are now included in the Libyan Flora. This update results in those 43 families being represented by 38 accounts. Fifty-five percent of species remain unchanged, the remaining 45% are reclassified at the family, genus or species level based on modern treatments, illustrating the need for this update and the urgent need for a review of the entire floristic treatment of Libya in support of the conservation of Libya's biodiversity.
Introduction
A knowledge and record of the national flora is key to any country fulfilling its obligations and commitments under the Convention on Biological Diversity (Raustiala & Victor, 1996) . However, many countries have a poor or incompletely recorded flora. Libya is lucky in that a descriptive flora was written in the 1970s-1980s (Ali, El-Gadi, & Jafri, eds 1976 -1989 ) that provides a good baseline. Sadly, that flora is now long out of date, taxonomic systems have changed, the ways of studying a flora have evolved, and new species have been discovered. Future development needs for Libya will in part be dependent on knowledge of the vegetation as a source of food, fodder, medicines and to stabilize soils under changing climate conditions. Libya is located in North Africa, bordering the Mediterranean Sea to the north, Egypt to the east, Sudan to the south-east, Chad and Niger to the south, Tunisia and Algeria to the west (Figure 1 ), between latitude 18°-33° N and 9°-25°E. Libya comprises 1,759,540 km 2 and is characterised by desert, hills, mountains and valleys. There are three areas of high biodiversity in Libya that account for >75% of the species diversity: Jabal Nafosa; Jabal Tibesti and Jabal Alakhdar area located in the province of Cyrenaica (Figure 1) . A recent study of the flora of Jabal Alakhdar showed high plant diversity (El-Barasi et al., 2003) History of the floristic and taxonomic studies conducted in Libya A major collection expedition to Libya was completed in 1819 by Della Cella and this formed the basis of the first checklist of the Libyan flora (Della Cella & Viviani, 1819) . Five years later, Domenico Viviani published Florae Libycae specimen (Viviani, 1824) .
The first attempt to produce a Flora of the whole country (Florae Libycae Prodromus) was carried out by Durand & Barratte in 1910 (Durand et al., 1910 . In 1931 Renaton Pampanini published the magnum opus, Prodomo Della Flora Cirenaica in which he gave full descriptions of the species and their communities accompanied by taxonomic keys. A preliminary check-list of the entire Libyan flora was published in 1965 (Keith, 1965) . Boulos conducted a study between 1971-1972 that was published in a work entitled "Flora and vegetation of Libya" (Boulos, 1972) . A checklist of the Libyan flora was published by Boulos 1977 -1979 (Boulos, 1977 , 1979 a, 1979 and a series of volumes of The Flora of Libya was published by Tripoli University, in cooperation with the Arab Development Institute between 1976 and 1989 in 150 parts. Each part treats one family with species descriptions and identification keys (Ali et al., eds 1976 (Ali et al., eds -1989 .
More recently, Brullo reported the occurrence of several plant species and families (Brullo & Salvatore, 1979; Brullo, 1978 Brullo, , 1982 Brullo, , 1984 . A critical analysis of the Libyan flora was undertaken by Qaiser & El-Gadi, (1984) , in which they presented a list of endemic plants. El-Gadi et al. (1987) described six plant species that were new to the Libyan flora. This paper builds on the above Floras by updating previous reports within the current circumscriptions of plant families, genera and lower taxa. Families treated here are Primulaceae to Illecebraceae in Flora of Libya, parts 1-37, as a demonstration of the level of changes needed to update the entire flora. This covered 22% of the Libyan flora. 
Materials and Methods

Herbarium research
To ensure the historic floras were updated to account for modern plant collections and new discoveries, and to estimate the proportion of the flora represented by specimens in Libyan herbaria, herbarium specimens were reviewed and photographed during three extended visits to the Herbaria of Benghazi University (Cyrenaica Herbarium, CYH), Omer Al-Mukhtar University (OMH) and Tripoli University (ULT). These were supplemented by collections at the University of Reading Herbarium (RNG), and the Royal Botanic Gardens Kew (K).
Updating nomenclature and taxonomic circumscription
Initial family circumscription was based on the flora of Libya (Ali et al., eds 1976 (Ali et al., eds -1989 . To update the nomenclature of the Libyan Flora we used Angiosperm Phylogeny Group APG IV (APG IV 2016) to re-circumscribe families, Euro+Med PlantBase (Euro+Med, 2012) and the North African Checklist (African Plants Database, 2012) were used to check regional species lists and The Plant List (The Plant List, 2013) was used for the currently accepted name of plants in some families treated in WCSP (WCSP, 2017): Apocynaceae, Cynomoriaceae; Fagaceae; Gisekiaceae; Hypericaceae; Juncaceae; Juncaginaceae & Rubiaceae. The families updated are the first 37 in Flora of Libya plus additional families from later volumes that are now confamilial with members of the first 37 (see Table 2 for a complete list). This sample was sufficient to illustrate the scale of the work needed but to update the entire flora at this stage would be too time consuming. BRAHMS (Botanical Research and Herbarium Management System, (Filer, 2010) was used for data management and checklist production.
Data handling
Results
An updated checklist covering Primulaceae to Caryophyllaceae from the Flora of Libya
The results of applying revised family delimitation to the Primulaceae to Caryophyllaceae of Libya are summarised in Table 1 . Of the species documented as occurring in Libya, only around 60% can be found in Libyan herbaria and it is likely the remainder are held as historic collections in Europe dating back to the first records of the Libyan flora. This illustrates the need for substantial investment in Libyan plant collection for Libyan herbaria. ( ↓ ) Species move was due to inclusion of its previous family in to a new family.
(↔) Species have been added.
(↔›) Species name has been changed due to change in taxonomic concept.
( # ) Endemic Species.
Overall, 15 families were updated following APG IV, 232 species changed to follow Euro + Med PlantBase, 318 species were updated to follow the North African Plants Checklist, 49 species updated following The Plant List (ed. 2) and there are 17 listed endemic taxa.
Nomenclatural changes
The updated checklist of 43 families (Primulaceae to Caryophyllaceae) comprises 138 genera and 411 species. According to the Angiosperm Phylogeny Group (APG IV), 11 Families: Coridaceae, Guttiferae, Leonticaceae, Theligonaceae, Tiliaceae, Sterculiaceae, Bombacaeae, Sparganiaceae, Globulariaceae, Asclepiadaceae and Illecebraceae have become synonyms of other families (see table 1 ). Six Families: Hypericaceae, Adoxaceae, Lophiocarpaceae, Limeaceae, Gisekiaceae, and Cleomaceae are now new names for the Libyan Flora. Table 2 shows the cross map between Flora of Libya families and APG IV families. According to APG IV the change in family circumscription has resulted in the transfer of several genera and their component species (Table 3) . The Plant List recommends updates to the generic circumscription of several genera in the Libyan flora as well as changes to some specific epithets to follow current taxonomic thinking (Table 4) . Table 5 shows how many species that have been recorded in the new checklist have changed names.
The percentage of change in the families, Primulaceae to Caryophyllaceae in this update, after excluding the species shared in the four literature sources was as following; APG 22%, Euro + Med Plantbase 4%, African Plant Database 8%, both Euro + Med Plantbase and African Plant Database 11%, The Plant List 12% and species that have not changed 55% (Figure 2) . 
Discussion
Plant classification has been transformed by the wide scale adoption of the Angiosperm Phylogeny group system of classification. While not everyone accepts their decisions, these family groupings are stable and have become widely adopted in herbaria and scientific literature. Bringing the Libyan checklist in to this system is therefore an essential first step in updating the Flora more generally because it allows Libyan botanists to link their work to that of other botanists in the area and around the world. Further updating the checklist to use other major lists such as Euro+Med enhances the ability to communicate internationally even further. While the updating of existing names is primarily a process-based exercise, the addition of newly recorded species further increases the value of the checklist as an inventory of the Libyan flora. The number of species and subspecies has increased from 336 to 411. Of these, 96 are newly reported taxa for the Libyan flora, while 49 are synonyms. The use of APG IV (2016), Euro+Med PlantBase (Euro+Med, 2012), the North African Checklist by (Dobignard & Chatelain, 2010 -2013 and the plant list (The Plant List, 2013) has resulted in many changes. The review of APG IV shows that 15 families have been changed and consequently 32 of the 138 genera have been moved to a new family. This number is equal to 23% of all the genera reviewed. There are likely to be additional changes with respect to those families of the Libyan Flora not included in this study.
The changes summarised above confirm that the Libyan Flora of Ali et al. (eds 1976 Ali et al. (eds -1989 ) requires significant updating. This update has added six new family names and excluded eight old ones to the Libyan flora. Finally, the addition of the families Hypericaceae, Adoxaceae, Lophiocarpaceae, Limeaceae, Gisekiaceae, and Cleomaceae are reported for the first time in Libyan flora making the new checklist comparable to those of the surrounding Mediterranean.
Conclusion
Our update of the angiosperm families Primulaceae to Caryophyllaceae has resulted in the necessity of a large number of nomenclatural changes. Such changes will allow greater efficiency in the research on Libyan plants through better access to published literature using current names and concepts. If Libyan taxonomists follow the recent taxonomic consensus in updating their flora this will support greater efficiency in the assessment of extinction threats and the fulfilment of its obligations under the Convention of Biological Diversity.
